The effects of the expression of a small heat shock protein (shsp) gene from Streptococcus thermophilus on stress resistance in Lactococcus lactis under different environmental stresses were investigated in this study.
INTRODUCTION
The fermented food industry based on lactic acid bacteria (LAB) is one of the fastest-growing sectors in the food industry in China. However, LAB are sensitive to environmental conditions when commercial starters or fermentation products are being processed, transported and stored. To increase resistance of LAB to environmental stresses, one strategy is to construct a transgenic strain of LAB expressing shsp gene that can improve the stress-resistance of the host. The expression vector that harbors the shsp gene in the host could be a foodgrade vector to ensure food safety.
sHSPs are a group of heat shock proteins (HSPs, or stress proteins) with low molecular mass ranging from 14 to 43 kDa (7, 8) . sHSPs are induced by different stresses such as high temperature and low pH. They can improve the thermo-and acid-*Corresponding Author. Mailing address: College of Food science and Nutritional Engineering, China Agricultural University, Beijing, China, 100083.; Tel.: 86-10-62736479.; E-mail: lyb@cau.edu.cn # The first two author contributed equally to this work. Stress resistance in L. lactis resistance ability of LAB (15, 18) . Composed of a stress-inducible group of molecular chaperones that can bind to denatured proteins, sHSPs prevent the latter irreversible aggregation and maintain it in a refolding state under stress conditions (9, 14) . The S. thermophilus parent strain carrying plasmid-encoded shsp gene is significantly more resistant to temperature shifting from 42 °C to 62 °C compared with its variant strain lacking plasmid-encoding shsp (15) . Additionally, the S. thermophilus strains harboring plasmid carrying the shsp gene showed significantly higher cell survival rate than the strains harboring plasmid eliminating shsp gene under heat shock condition (16) . Therefore, introducing and expressing a shsp gene in LAB can improve their survival ability to stresses.
Presently, -galactosidase of S. thermophilus (10) , shsp genes (3, 4), as well as genes associated with auxotrophy (2, 6), bacteriocins (13, 19) and new metabolic pathways (1) have been used in constructing food-grade vectors as selection markers. The shsp genes from the plasmid of S. thermophilus are ideal selection marker because sHSP can elevate resistance to environmental stresses (3) . Based on the plasmid-encoded shsp gene as a selection marker, a food-grade cloning system (pHMR1) for S. thermophilus was developed (3) and a two-plasmid system (pST04 and a help plasmid) was constructed and successfully applied to yogurt fermentation (4). Templates and primers used in PCR are listed in Table 1 . terminus and a Pst I cutting site on the 3' terminus, an overlapping PCR was performed, using these three PCR products as templates and the primers SHSP1FF/SHSP1RR. All primers used in these procedures were listed in Table 1 
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RESULTS AND DISCUSSION
Construction of the expression vectors, pMG36e-shsp and pMGshsp.
As Fig. 1 shown, an overlapping PCR fragment containing both the p32 promoter and the shsp ORF was inserted into pMG36e by replacing the corresponding fragment between the EcoR I/Pst I cleavage sites to construct the expression vector pMG36e-shsp. This strategy allows the inserted shsp ORF to express as an independent protein instead of a fusion protein containing the small peptide (Fig. 1) . Furthermore, a food-grade expression vector pMG-shsp was constructed by deleting the Em r gene from pMG36e-shsp (Fig. 1) . The genetically engineered strain (L. lactis ML23 (pMG-shsp)) and the control strain L. lactis ML23 were cultured and the soluble protein fraction prepared from their cells were subjected to SDS-PAGE analysis. As shown in Fig. 2 , compared with the pattern of soluble proteins from L.
lactis ML23 (Fig. 2, lane 2) , an extra protein band (Fig. 2, ML23 (pMG36e) were 0.032% vs. 0.003% (Fig. 3B) , 0.006% vs. 0.001% (Fig. 3C) , 0.0027% vs. 0.000033% (Fig. 3D) , 0.03% vs. 0.000024% (Fig. 3E) , or 0.16% vs. 0.00023% (Fig.   3F ). Therefore, the survival rate of ML23 (pMG-shsp) was 10.7, 6, 81.8, 1250, or 695.7 times higher than that of ML23 (pMG36e). These data indicated that the resistance of LAB to the environmental stresses, especially to ethanol, bile salt, and lactis against different severe stresses, especially bile salt and H 2 O 2 stress that first reported here.
